A general-purpose reagent capable of reacting with immunoglobulin G in a modified enzyme-linked immunosorbent assay technique was prepared by using protein A coupled with horseradish peroxidase. The reagent detected low levels (0.003 to 1.0 ,ug/ml) of human immunoglobulin G and was also applied in an enzyme-linked immunosorbent assay for titration of antibody to human cytomegalovirus. The antibody titers to human cytomegalovirus determined by enzymelinked immunosorbent assay and by complement fixation were compared. The correlation coefficient between the two techniques was 0.85, but the enzymelinked immunosorbent assay was 10 times more sensitive than complement fixation in terms of antibody titers detected.
The enzyme-linked immunosorbent assay (ELISA) is widely applied in imnnunodiagnosis (6, 21, 22) . Enzyme-linked antibody is the reagent employed to detect antibody-antigen reactions in the assay. Preparation of enzymelinked antibody involves antibody (immunoglobulin G [IgG] ) purification and is associated with a marked loss of antibody as well as of enzyme activity during coupling (2, 19) . As an altemative to enzyme-linked antibody in ELISA, enzyme-linked protein A was employed to detect antibody against mouse alpha fetoprotein (4) . Protein A is a 40,000 molecular weight protein produced by certain strains of Staphylococcus aureus (7, 10, 20) . The protein binds the Fc portion of immunoglobulins, chiefly IgG, of several mammalian species, including humans (8, 9) .
This report describes the use of horseradish peroxidase-conjugated protein A as a reagent in ELISA for the quantification of human IgG and for the titration of antibody against human cytomegalovirus (HCMV).
MATERIALS AND METHODS
Horseradish peroxidase protein A conjugation. A modified version of the two-step glutaraldehyde procedure of Avrameas and Ternynck (1) was employed. A 5-mg amount of horseradish peroxidase (type VI; Sigma Chemical Co.) in 0.2 ml of 0.1 M phosphate buffer (pH 6.8), containing 1.25% glutaraldehyde (Sigma, grade I) was allowed to stand at room temperature for 18 h, dialyzed at 4°C against two 200-ml changes of 0.05 M carbonate-bicarbonate buffer (pH 9.5), and then brought to 1 ml in the same buffer.
Protein A (Sigma) was dissolved in 0.15 M NaCl-0.1 M carbonate-bicarbonate buffer (pH 9.5) at 5 mg/ml. Activated peroxidase alone (500 ,tg) or the following mixtures of activated peroxidase and protein A, in micrograms, (1,000, 250, 500, 250, 250, and 250) were conjugated for 24 h at 4°C. Excess lysine (10 y1 of a 0.2 M solution) was added to the conjugates, the mixtures were kept for 2 h at 4°C, and then the preparations were dialyzed against three 100-ml changes of phosphate-buffered saline (pH 7.3) at 4°C. The preparations were centrifuged at 20,000 x g for 20 The complement fixation test was performed by standard procedures (14) .
Human sera. Sera used in this study were obtained from specimens submitted for routine determination of complement-fixing antibody to HCMV.
RESULTS
Horseradish peroxidase protein A conjugation. The specific activity of peroxidase decreased 7-to 10-fold after glutaraldehyde treatment and coupling to protein A (Table 1) . Subsequently, peroxidase activity of the conjugates remained stable for three months at -20 or 4°C. All three conjugate preparations were bound to human IgG, but neither peroxidase alone nor peroxidase mixed (but unconjugated) with protein A were bound. However, the conjugate preparations differed in their ability to bind IgG. A coupling ratio of 2:1 produced the highest percentage (26%) of functional conjugate (Table 1) .
Quantification of human IgG by ELISA. Human IgG was quantified in the inhibition assay, using the peroxidase-protein A conjugate. A representative standard curve for human IgG (Fig. 1) had a range for detecting 0.003 to 1.0 ,g of IgG per ml. This sensitivity was similar to quantitative ELISA for IgG using enzyme-linked antibody against IgG (5, 6 ). An estimate of the J. CLIN. MICROBIOL. Titration of antibody to HCMV by ELISA. Preliminary block titrations of the reagents were made to define the dilutions where the OD493 was in a reproducibly measurable range (0.1 to 1.5). The reagents tested were human cytomegalovirus antigen, control antigen, and peroxidase-protein A conjugate to be used in the ELISA. Each ELISA included reference sera known to be positive (titer, 1:128) or negative (titer < 1:8) by complement fixation (CF) test to HCMV. A log-log plot of OD493 versus serum dilution yielded a straight line. The ELISA titer of a serum was defined as the highest serial twofold dilution with an OD493 of 0.2 or greater. Serum with an OD493 less than 0.2 at a dilution of 1:100 was assigned a titer of 1:50. The positive reference serum had an ELISA titer of 1:1,600, and the negative reference serum had an ELISA titer of 1:50. The variation in positive and negative reference sera from assay to assay was no greater than a twofold difference in titer.
A comparison of the antibody titer to HCMV in 31 sera by CF and ELISA (Fig. 2) resulted in a correlation coefficient of 0.85, and correspondence was 84% between the two techniques. The ELISA gave 10-fold higher titers than did the CF test.
DISCUSSION
The experiments have confirmed the feasibility of using enzyme-linked protein A as an ELISA reagent (4) and have extended its application to the quantification of human IgG and the titration of virus-specific antibody. Horseradish peroxidase was chosen because it was less expensive than alkaline phosphatase and could be used in cytochemistry (11) . The two-step glutaraldehyde procedure was easy to perform, but considerable enzyme activity was lost (Table  1) (2, 19) . The periodate procedure of Nakane and Kawaoi (17) may yield higher levels of functional conjugate. Direct binding to IgG on microtiter plates provided a simple, rapid method for assay of functional enzyme-protein A conjugate. The conjugate can readily be separated from unconjugated peroxidase and protein A (3), with the possibility of a further increase in the sensitivity of the reagents.
Application of the quantitative inhibition test for the measurement of human IgG in body fluids must take into account the lack of an absolute specificity of protein A for IgG. Protein A binds to the Fc portion of human IgG subclasses 1, 2, and 4, which comprise approximately 95% of the IgG (13 
